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168a Sunday, February 8, 2015of the biomolecule with a surface for imaging, and care must be taken to avoid
surface-specific effects on the sample. Here, we examined the structural orga-
nization of the bacterial polar scaffold protein PopZ by AFM, and analyzed the
effect of surface-immobilization conditions on PopZ’s nanostructural assembly
characteristics. We measured the structures and densities of PopZ complexes
on positively and negatively charged as well as hydrophobic surfaces, and
compared structural organization of these assemblies in aqueous environments.
Our results illustrate how choice of surface immobilization conditions can
affect structural studies of polymeric assemblies, and demonstrate the tremen-
dous advantages of AFM for directly imaging biomolecules in aqueous, phys-
iological conditions. Finally, our results provide new insight into the structures
of multimeric PopZ nano-assemblies that have been thus far unattainable using
standard EM methods, providing direct evidence for PopZ self-assembly into
organized three-dimensional polymeric networks.
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More than 30% of proteins in any organism are transported from the site of syn-
thesis into or through cell membranes to properly localize and function. The
general secretory (Sec system) is the major route of export for proteins from
the cytosol of Escherichia coli and all eubacteria. The pathway through the
membrane - the translocon - is provided by SecYEG, a protein complex that
is highly conserved having homologs across the kingdoms of life. SecA is
the ATPase of the Sec system and it binds SecYEG to perform translocation.
In so doing, SecA makes large surface area contact with the unstructured cyto-
plasmic loops spanning transmembrane helices 6-7 and 8-9 of SecY. Despite
their broad functional significance, measurements of flexible and disordered
protein domains remain a significant experimental challenge. Recently, atomic
force microscopy (AFM) has emerged as an important complementary tool in
biophysics and is well suited for studying membrane proteins in near-native
conditions. Here we studied purified SecYEG that was reconstituted into lipo-
somes. After confirming activity, changes in the structure of SecYEG as a func-
tion of time were directly visualized. The dynamics observed were significant
in magnitude and were attributed to the aforementioned loops of SecY. In addi-
tion, we identified a distribution between monomers and dimers of SecYEG as
well as a smaller population of higher order oligomers. We have also imaged
SecA engaged on SecYEG and related the structural states observed to the ac-
tivity of the translocase. Currently we are working towards determining the
oligomeric state of SecA during active translocation, and further exploring
the dependency which we uncovered of the SecYEG oligomeric state on the
protein species being transported. Taken together, this work provides a novel
and near-native vista of central components of the protein translocation
machinery.
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In vitro investigation of mechano-electrical behavior of cardiomyocytes can
open new ways for detecting and predicting pathological conditions directly
linked to alteration of the Excitation Contraction Coupling (ECC), such as heart
failure, myocardium ischemia, cardiac hypertrophy and genetic dystrophies.
For this purpose we propose an integrated experimental setup based on atomic
force microscopy (AFM), extracellular field potential measurement by micro-
electrode arrays (MEAs), and fluorescence microscopy (FM), that can supply
time-resolved information, at the single fibre level, of cell mechanical proper-
ties, in relation with its electrical and chemical properties, during the beating
cycle. AFM allows to probe topography and visco-elastic properties of beating
myocytes with sub-micrometric resolution that can be coupled to simultaneous
calcium imaging by FM and electrophysiology recording by MEA. The use of
MEA as a multisite, non-invasive, recording technique greatly increases the
throughput of a single experiment. In order to explore the capabilities of the
proposed experimental method we monitored ECC and its alterations as a
response to the introduction of substances altering cell contractility, such bleb-
bistatine, or beating rate such as caffeine.843-Pos Board B623
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Classical cadherins are Ca2þ-dependent cell adhesion proteins that play essen-
tial roles in the development and maintenance of tissues. Cadherins bind in two
distinct conformations, Strand Swap dimer (SS-dimer) and X-dimer. These
conformations respond to mechanical force differently: while SS-dimers
form slip-bonds which become weaker as the force is increased, X-dimers
form catch-bonds that strengthen when pulled. In contrast, wild type
cadherins form ideal bonds, which are insensitive to applied forces. Here we
use single molecule Atomic Force Microscope (AFM) force clamp spectros-
copy and computer simulations to resolve the molecular mechanism for ideal
bond formation. Using single molecule force clamp measurements, we demon-
strate that ideal bonds are formed as wild type cadherins shuttle between
X-dimer and SS-dimer conformations. Computer simulations show that the
probability of conformational switching varies with force. Our data suggest
that force induced conformational shuttling enables cadherins to withstand
mechanical stress.
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Atomic force microscopy (AFM) based adhesion force spectroscopy and elas-
ticity measurements have emerged as powerful tools in the biophysical analysis
of cellular systems. Such measurements can now be extended to probe the dis-
tribution of specific biomolecules and elasticity at the single cell level. Here, we
report on studies using Bacillus cereus, a common food-borne pathogen, as a
model system. Using AFM-based adhesion force spectroscopy coupled with
lectin probes - wheat germ agglutinin (WGA) and concanavalin A (ConA),
we show the spatial mapping of specific cell-surface carbohydrate targets -
N-acetylglucosamine (GlcNAc) and mannose/glucose (Glu). We show the
compositional change from the vegetative cell to the spore, mapped, and quan-
tified at the nanoscale across single B. cereus cell surfaces. The surface molar
ratios of GlcNAc:Glu are ~4:1 on a vegetative cell surface but display a switch
to ~1:3 on a spore surface. This trend is in excellent agreement with previously
reported values using GC-MS and chromatography conducted on bulk samples.
Further, we investigated the morphological and nanomechanical transforma-
tion of B. cereus in the sporulation process in response to temporal nutrient
deprivation conditions. Using AFM imaging and elasticity mapping, we
observed the morphogenesis and the progression in elasticity of the endospore
and released mature endospore. The elastic modulus increased nearly 300%
from the rod-like vegetative cell (1.15 0.2GPa) to the oval-shape mature spore
(5.150.3 GPa) due to the formation of spore coat and cortex. Collectively,
these investigations demonstrate atomic force microscopy as a versatile single
cell technique in microbiology to quantitatively detect and spatially map bac-
terial surface biomarkers and probe key spatial and temporal changes in surface
biochemical and nanomechanical properties during cellular activities.
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Atomic force microscopy (AFM) is used in measuring dissociation in protein
systems and protein-protein interactions forces at single molecular level. How-
ever, an explicit interpretation of the acquired rupture force data is not always
easy. The Bell-Evans Standard Theory, used for analyzing rupture force data
(contingent on the concept of thermal activation and the deformation of the
activation barrier) yields a rupture force distribution function which is skewed
to the left (towards low force). However, most of the experimental measure-
ments of rupture force data generate a probability distribution function (pdf)
with a high force tail. The probable cause of this high force tail in the rupture
force pdf is either multiple attachments (though recognizable multiple ruptures
are typically removed from rupture force analysis) or heterogeneous bonding.
To study the effect of multiple attachments, we created a varying density of
active sites using self assembled monolayer by incubating the substrate in
mixed solutions of active (biotin) and inactive (methyl-terminated) PEG mol-
ecules and pursued imaging and force measurements with avidin functionalized
Sunday, February 8, 2015 169aAFM tip. Here, we present a combined approach to answer the question of how
much of the high force tail can be attributed to either cause. We found that the
presence of multiple attachments, while significant, accounts for only a fraction
of the events in the high force tail of the distribution.
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Mechanical properties are key to bioactivity, whether in artificial or natural tis-
sue. Variations in mechanical properties can also be an indicator of chemical
content and tissue structure, with implications for material function. Here we
present results from nanoscale mechanical mapping of several tissues in the
eye, with possible correlations to preliminary tip-enhanced Raman (TERS)
data. Our results demonstrate the importance and utility of mechanical mea-
surements, particularly mechanical mapping, in understanding natural tissue,
with an eye toward early mechanical indicators of disease.
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Peptide nucleic acids (PNA) are synthetic polymers the neutral peptide
backbone of which provides elevated stability to PNA-PNA and hybrid PNA-
DNA duplex. It was demonstrated recently (J.Org.Chem.2011, 76, 5614-
5627) that additional modification of the backbone such as incorporation of
diethylene glycol (miniPEG) further increases the duplex thermal stability, so
the hybrid duplex with 10 miniPEG units (g-PNA) has the melting temperature
23C higher compared to the regular PNA-DNA duplex. Here we applied
AFM force spectroscopy to probe the strength of the g-PNA-DNA duplex
(50GAGTAG GTAG-3’) containing ten miniPEG-modified units. Single-
stranded PNA and DNA oligonucleotides containing terminal thiol groups
were immobilized on amino-functionalizedAFM tip andmica substrate, respec-
tively via bifunctional PEG tethers and the interaction between the DNA and
g-PNA polymers was analyzed by multiple approach retraction cycles over
various locations on the mica substrate. Such single molecule probing experi-
ments produced force curves with well-defined rupture events corresponding
to the dissociation of the duplex formed during the approach step. The experi-
ments were performed at various pulling rates (300-3000 nm/sec) enabled us
to characterize the hybrid duplex stability using dynamic force spectroscopy
(DFS) approach. The DFS measurements yielded rupture forces varying in
the range 60-70 pN. The data analyzed in the framework of the Bell-Evans
approach yielded a dissociation constant, koff ~ 10
9 sec1 and rupture distance
x-1~ 1.7 nm. Similar published DFS measurements of DNA duplex are charac-
terized by koff with ~ 10
8 times less values, which is in line with elevated stabil-
ities of the g-PNA-DNA duplexes compared with the DNA duplexes.
The work was supported by NIH grants 5P01 GM091743-03 and 5R01
GM096039-04 to YLL. g-PNA was synthesized at PNA innovation.
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The major structural component of a blood clot is a meshwork of about 150 nm
thick fibrin fibers. It is well understood how fibrin monomers assemble into the
double-stranded, half-staggered protofibrils. However, how these protofibrils
laterally assemble to formmature fibers is poorly understood. There is evidence
that fibrin fibers are very porous with a protein content of only 20-30%.We per-
formed two types of experiments to investigate the internal structure of fibrin
fibers. We formed fibrin fiber from fluorescently labeled fibrinogen and deter-
mined the light intensity of a fiber, which is proportional to the number of
monomers, as a function of fiber diameter. We found that the intensity, I, scaled
as I~D1.4350.2 (wet fibers) and as I~D1.250.14 (dry fibers). This implies that
cross-sectional monomer density also scales as D1.4, and not as D2, as would
be expected for fiber with a solid, homogeneous cross-section. We also deter-
mined the Young’s modulus, E, as a function of fiber diameter, and found that E
scales as E~D1.4. Thus, E decreases dramatically with diameter. These
modulus data suggest that the number of bonds per cross-section scales asD0.6, consistent with a fiber model that has a dense core and a very loosely con-
nected periphery.
In summary, our data suggest that fibrin fibers have a very inhomogeneous
cross-section with a dense core and a very loose periphery.
This work was support by the Wake Forest University Translational Science
Center, grant numbers: U01508, U01078.
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Atomic force microscopy has been previously used to image various biofilm-
forming bacteria live in fluid, followed by performing force curves on selected
areas to learn about the biophysical properties of the cells. However, some bac-
teria do not adhere sufficiently strongly to a surface to be analyzed in this
fashion. Here we have used force mapping to obtain force curves on live cells
that would otherwise be difficult or impossible to collect. Predatory B. bacter-
iovorus cells, which are highly motile and form no biofilms, can be loosely trap-
ped on polylysine-coated slides. Force mapping is sufficiently gentle to obtain
data on these cells without dislodging them from the slide. Comparison of these
predatory B. bacteriovorus cells with those of their ‘‘host-independent,’’ non-
predatory counterparts indicates that predatory cells are much less stiff, pre-
sumably enabling them to squeeze into prey cells’ periplasm. Moreover,
host-independent B. bacteriovorus cells demonstrate considerable adhesion to
AFM tips, whereas predatory B. bacteriovorus cells show little or no interaction
with AFM tips. The molecular basis for these interactions is being further
explored.
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Mesenchymal stem cells (Msc) differentiate typically to chondrocytes. In our
lab we have created neuronal-like cells from Msc. In this presentation results
of atomic force microscopy (AFM) measurements of mechanical properties
such as Young modulus or friction during this differentiation will be reported.
Differentiations leads to noticeable changes in mechanical properties, in partic-
ular elastic maps are modified. Effects of pyrethroids, widely used neuroactive
substances, on the AFM images will be also discussed. Biophysical character-
ization of cell differentiation process should help to optimize control and
manipulation on stem cells. This knowledge is important for tissue engineering
and regenerative medicine.
This work was supported by Faculty of Physics, Astronomy and Informatics,
NCU grant no. 1899-F and project WZROST (POKL.04.01.01.-00-081/10).
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Titin, a giant filamentous intrasarcomeric protein, is a serial chain of more than
300 globular (Ig or FN) domains and numerous unique sequences. Although
force-dependent unfolding has been extensively investigated in recombinant
homopolymeric constructs of titin domains, neither the global kinetics, nor
the spatial pattern of mechanically-driven domain unfolding is known within
the complexity of the full-length molecule. To follow the global kinetics of
domain unfolding, we stretched individual titin molecules isolated from
rabbit m. longissimus dorsi using high time- and force-resolution optical twee-
zers in force- and velocity-clamp modes. When clamped at high forces, the
molecule extended in discrete steps via unfolding of its constituent globular do-
mains. In an apparent violation of mechanically-driven activation kinetics,
however, neither the global domain unfolding rate, nor the folded-state lifetime
distributions of titin were sensitive to force. The contradiction can be recon-
ciled by assuming a gradient of mechanical stability so that domains are grad-
ually selected for unfolding as the magnitude of force increases. To explore
whether there is a spatial pattern in this gradient of domain unfolding, we car-
ried out a topographical screening of individual titin molecules stretched to
varying degrees with receding meniscus. We found that unfolded domains
were distributed homogenously along the entire length of the overstretched titin
molecule. The spatially randomized domain stability ensures that titin is a quasi
Hookean expander across a wide range of stretch and loading rates, thereby
